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ABSTRACT: 

A gate array cell architecture is provided with routing tracks at variable track pitches, thereby 
increasing the density of the architecture. Orientation of the devices in the gate cells 
perpendicularly to the routing tracks in the second metallization layer provides an increased 
porosity in this layer. The orientation allows an N channel device to be made smaller than a P 
channel device within a gate cell, to provide balanced devices. The perpendicular orientation also 
provides more contact points for source or drain. When the mulrtple contacts are used to 
connect the device to a power source, the multiple contacts reduce the effective resistance and 
increase the reliability of the devices. 
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(54) High density gate array cell architecture 

(57) A gate array cell architecture is provided with 
routing tracks at variable track pitches, thereby increas- 
ing the density of the architecture. Orientation of the 
devices in the gate cells perpendicularly to the routing 
tracks in the second metallization layer provides an 
increased porosity in this layer. The orientation allows 
an N channel device to be made smaller than a P chan- 
nel device within a gate cell, to provide balanced 
devices. The perpendicular orientation also provides 
more contact points for source or drain. When the mulit- 
ple contacts are used to connect the device to a power 
source, the multiple contacts reduce the effective resist- 
ance and increase the reliability of the devices. 
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Description 

FIELD OF THE INVENTION 

The present invention relates to the field of gate s 
array cell architecture, and more particularly, to a gate 
array cell architecture having a high density and a 
method of making the same. 

BACKGROUND OF THE INVENTION 10 

Gate arrays are used extensively to fabricate inte- 
grated circuits which perform customer specialized 
functions- The semiconductor devices of the gate arrays 
are designed into base patterns and fabricated into 75 
wafers for customer specific functional interconnection 
during metallization. Consequently, the integrated tir- 
curi semiconductor devices can be interconnected to 
perform the logic functions desired by a customer in the 
relatively short time needed to form the metallization 20 
patterns. 

The metallization process by which the pre-existing 
transistors and other active devices in the base set are 
interconnected to form functional configurations typi- 
cally uses one or more metallization layers, a pattern of 25 
contacts that connect from the metallization layers to 
the semiconductor regions, and vias to interconnect the 
successive metallization patterns. 

Higher density and more reliable devices, with 
lower levels of power consumption, are desirabla How- 30 
ever, integrated circuit design rules impose a number of 
constraints on the interconnection of the transistors, 
hampering design efforts towards higher density. For 
example, a gate array design must satisfy minimum 
polysilicon width dimensions, minimum spacing 35 
between polysilicon conductors, minimum metal width 
dimensions, minimum spacing between metal conduc- 
tors, minimum dimensions for contacts, minimum 
dimensions for vias, and constraints as to vertical place- 
ment on the various consecutive layers. Gate array cell 40 
architecture designers set a track pitch of routing tracks, 
connecting gate cells in an array, at a constant value 
that satisfies the largest of ail of the minimum spacings. 
These limitations may be understood with respect to 
Figures 1 and 2. 45 

Figure 1 is a schematic depiction of a cell of a prior 
art gate array, for purposes of explaining some Gmita- 
tions of the prior art gate arrays. This cell, which is rep- 
licated numerous times in a tile pattern on a chip, has a 
number of polysilicon layer patterns 10 for transistor so 
gate electrodes. A P channel diffusion area 1 2 forms the 
P channel device and an N channel diffusion area 14 
forms the N channel device. A P channel well tap is pro- 
vided at area 16, and an N channel well tap is provided 
at area 18. 55 

The lower half of the gate cell in Figure 1 has its 
components interconnected to form a device within the 
gate ceil, such as a NAND gate, AND gate, NOR gate 
and OR gate. The interconnecting of the components of 



the gate cell to form the device is performed in metalli- 
zation layers. The first metallization layer forms the pri- 
mary interconnections of the components of the gate 
cell that form the devices. For reasons described below, 
it is often necessary, however, to use a second metalli- 
zation layer to complete the interconnection of the 
devices within the gate cell. 

In Figure 1 , the components in the lower half of the 
gate cell are connected together by the first metal in the 
first metallization layer to form a NAND gate with input 
ports A and B and an output port Z. These interconnec- 
tions are depicted as dotted regions in Figure 1. The 
VSS and VDD power buses (20, 22) for the devices 
extend vertically across the gate cells, as indicated in 
Figure 1. These buses 20, 22 limit the amount of inter- 
connection that is possible within the gate cells to the 
area located horizontally between the two buses 20. 22, 
at least within the first metallization layer. Due to the lim- 
ited amount of interconnectivity caused by the location 
of the buses in the first metallization layer, the second 
metallization layer is typically required to form intercon- 
nections within the gate cell to form the devices. The 
use of second metal in the second metallization layer to 
form the devices creates a "porosity'' problem in the 
conventional architecture. 

In Rgure 2, cells 24 are arranged in cell placement 
columns 26, separated by routing columns 28. The hor- 
izontal routing tracks through a cell 24 are provided in 
the second metallization layer direction, and are also 
seen in Figure 1 with reference numeral 30. These rout- 
ing tracks (hereinafter referred to as m2 routing tracks) 
30 are used to provide horizontal connections between 
gate cells 24. The vertical routing tracks 32, (also shown 
in Figure 1 and hereinafter referred to as ml routing 
tracks) extend in a vertical direction through the gate 
cells 24 and in the routing channels 28. These ml 
tracks 32 are found in the first metallization layer. 

The problem caused by using the second metalliza- 
tion layer to form the devices within the gate cell 
becomes apparent with reference made to Figures 1 
and 2. In Figure 1 , there are only three m2 tracks 30 that 
pass through the device. When the second metal is 
used to interconnect the components of the gate cell to 
form a device, the m2 routing tracks 30 running horizon- 
tally will be effectively not useable for connecting the 
device in the gate cell to the device in another gate cell. 
In other words, the m2 routing track 30 will be blocked. 
With onty three posstole m2 routing tracks 30 running 
through the device, and given the limited amount of 
interconnectivity available between the power buses 20, 
22. it is likely that the three m2 routing tracks 30 will be 
blocked by the second metal required to complete for- 
mation of the device. Since there are very few or no 
"route throughs" in such cells, these cells are consid- 
ered to have a "low porosity". 

The low porosity of the cells causes many detours 
to be taken when routing devices together, as depicted 
in the example of Rgure 2. In this case, connecting the 
device of gate cell 24A to the device of gate cell 24B 
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requires a tortuous path to a gate cell which does not 
have a device formed in the cell so that the route 
through may be taken. Connection is then made to the 
first metallization layer in the routing column 28 and 
then horizontally in the second metallization layer to the s 
second device in the gate cell 248. 

There are a number of disadvantages that arise 
from the above-described architecture, including the 
unbalanced rise and fail time of the P and N channel 
devices which are of the same size. Changing the reia- w 
tive sizes of the P diffusion area and the N diffusion area 
is difficult due to the limitations created by the cell rout- 
ing. Also, higher densities are difficult to achieve due to 
the practice of provicfing unvarying track pitches 
between the routing tracks, both in the vertical and in is 
horizontal directions, in order to meet the minimum 
design standards. Also, due to the low porosity, power 
buses typically only have one contact with the individual 
devices, so that there is a relatively high effective resist- 
ance and relatively unreliable contact since it is only 20 
being made at one point. 

SUMMARY OF THE INVENTION 

There is a need for a gate array cell architecture 2s 
which has a higher density, allows transistors to be bal- 
anced, and also permits multiple contacts for source or 
drain to thereby provide increased reliability. 

These and other needs are met by certain embodi- 
ments of the present invention which provide a gate 30 
array cell architecture having an array of gate cells, 
these gate cells having internal components. A first met- 
allization layer interconnects the internal components 
within the gate cells to form devices. A set of first metal- 
lization routing tracks in the first metallization layer 35 
extend parallel to one another and in a vertical direction 
across the array of gate cells. A second metallization 
layer having a set of second metallization routing tracks 
extend parallel to one another and horizontally across 
the array of gate cells. At least one of the set of first met- 40 
allization routing tracks or the set of second metalliza- 
tion routing tracks have a variable pitch within the set. 

An advantage made possible by the variance of the 
track pitches in the first and/or second metallization 
routing tracks is the higher density that may be as 
achieved. The present invention varies the track pitch to 
satisfy the individual design laws, but does not set all of 
the track pitches the same to satisfy the design law 
requiring a maximum track pitch. Because of this, 
denser routing may be performed in areas such as the so 
routing columns, which have lower spacing require- 
ments than other areas, such as cell placement col- 
umns. In making the gate array cell architecture denser, 
smaller chip sizes are possible, with better performance 
as the amount of global routing is lessened. This leads ss 
to decreased power consumption since there is less 
metal used to perform the routing. Also, with smaller 
chips, a smaller die may be used, with a resultant 
increased chip yield. 



Another aspect of the present invention, a method 
of manufacturing a gate array cell structure, is provided 
in which a plurality of gate cells are formed in an array, 
and devices are formed within selected gate cells with 
first metal in a first metallization layer. Selected ones of 
the devices are interconnected with first metal that is 
routed along routing tracks extending in a vertical (Erec- 
tion over the array. The track pitch of the routing tracks 
in the first metallization layer is varied. Selected ones of 
the devices are interconnected with a second metal in a 
second metallization layer, this second metal being 
routed along tracks extending in a horizonal direction 
over the array. The track pitch of the routing tracks in the 
second metallization layer is also varied. 

Another aspect of the present invention which satis- 
fies the earlier stated needs is a gate cell array architec- 
ture comprising a plurality of gate cells, at least some of 
which have both an N channel device and a P channel 
device, where the P channel device is larger than the N 
channel device. In certain embodiments, the P channel 
device and the N channel device have respective sizes 
such that a pull-up time in operation of the P channel 
device is approximately equal to a pull-down time in 
operation of the N channel device. 

The balancing of the N and P channel devices in a 
gate array cell architecture provides an improved per- 
formance since the pull-down and pull-up times are 
made more nearly equal. 

In a still further aspect of the present invention, 
which satisfies the earlier stated needs, a gate array cell 
architecture is provided that comprises an array of gate 
cells, these gate cells having internal components. A 
first metallization layer interconnects the internal com- 
ponents within gate cells to form devices within the gate 
cells. A set of first metallization routing tracks in the first 
metallization layer extend parallel to one another and in 
a vertical direction across the array of gate cells. A sec- 
ond metallization layer has a set of second metallization 
routing tracks that extend parallel to one another and 
horizontally across the array of gate cells. The gate cells 
are oriented perpendicularly to the set of second metal- 
lization routing tracks. A power bus extends in the first 
metallization layer in the vertical direction. A power con- 
nection is provided in the second metallization layer, 
and is coupled to the power bus and to certain ones of 
the devices within the gate cells to provide power to the 
devices. At least some of the individual devices are cou- 
pled to the power connection by multiple contacts with 
the power connection. 

By orienting the gate cells perpendicularly to the set 
of second metallization routing tracks, as provided in 
embodiments of the present invention, the porosity of 
the gate ceils in the second metallization layer is rela- 
tively high. This allows the second metallization layer to 
be utilized to provide a power connection, and also pro- 
vides multiple contacts to power for the devices. These 
multiple contacts decrease the effective resistance 
(thereby reducing power consumption of the chip) and 
increases the reliability of the power connections to the 
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devices. 

The orientation of the gate cells perpendicularly to 
the set of second metallization routing tracks provides 
mulitple port locations to alleviate congestion. 

The foregoing and other features, aspects and s 
advantages of the present invention will become more 
apparent from the following detailed description of the 
present invention when taken in conjunction with the 
accompanying drawings. 

10 

BRIEF DESCRIPTION QFTHg DRAW|NQS 

Figure 1 is a schematic depiction of a gate cell con- 
structed in accordance with the prior art 

Figure 2 is a schematic depiction of a gate array cell is 
architecture of the prior art 

Figure 3 is a schematic depiction of a gate array ceil 
architecture having a variable track pitch in accordance 
with an embodiment of the present invention. 

Figure 4 is a schematic depiction of a cell layout in 20 
accordance with an embodiment of the present inven- 
tion in which multiple contacts are provided for a power 
connection within the cell. 

Figure 5 is a schematic depiction of a ceil layout 
having different sized P and N channel devices in 25 
accordance with an embodiment of the present inven- 
tion. 

DETAILED DESCRIPTION OF THE ILLUSTRATIVE 
EMBODIMENTS 30 

Figure 3 is a schematic depiction of a gate array cell 
architecture in accordance with an embodiment of the 
present invention. In this embodiment, the ml routing 
tracks and the m2 routing tracks 33 are laid out with var- 35 
iable track pitches, to take advantage of the different 
design laws for different areas of the gate array cell. (For 
clarity of illustration and understanding, only every other 
row of gate cells is depicted with the m2 routing tracks. 
However, each row of gate cells will have m2 routing 40 
tracks in preferred embodiments.) For example, a 3.2 
micron limit for the m2 routing tracks 33 is provided in 
certain areas and is required due to poly to spacing and 
poly to diffusion spacing. In these areas 40 of gate cell 
42, the track pitch for m2 is 3.2 microns. However, the 45 
design law for the diffusion area would allow the track 
pitch for m2 to be 2.8 microns. Hence, the m2 track pitch 
in the present invention in the diffusion area is set at 2.8 
microns. The diffusion area is indicated by reference 
numeral 44. The varying of the m2 track pitch within the so 
cell makes the cell area smaller for the same number of 
tracks. 

The depiction of Figure 3 is schematic only, to show 
variation in the track pitch. The precise variation of the 
pitch and location of the diffusion areas and other areas ss 
of the gate cells is dependent on the specific gate cells 
themselves, and are thus not shown in more detail. 

The ml routing tracks 35, which run vertically, are 
also variable in certain embodiments. In the cell place- 



ment column 46, the ml routing tracks 35 may be set to 
3.2 microns without violating design laws, and set to 2.7 
microns in the channel routing columns 48, without vio- 
lating design laws in that region. By setting the track 
patch to 2.7 microns in the channel routing columns 48, 
additional ml routing tracks 35 are available in the rout- 
ing column 48. This increases the available connection 
paths for the gate array cell architecture. 

Although Figure 3 depicts both the m2 routing 
tracks 33 and the ml routing tracks 35 as having a var- 
iable track pitch, other embodiments of the present 
invention vary only one of the ml or m2 routing track 
pitches. Furthermore, the specific track pitches given 
above are exemplary only, as other specific track 
pitches are possible and may be required due to differ- 
ent design laws accorcfing to the different manufacturing 
processes available to one of ordinary skill in the art. 

In addition to the variable track pitch of the present 
invention, as described with respect to Figure 3, certain 
embodiments of the present invention also provide for 
improved power connection for the devices within the 
gate cells. This improved power connection is provided 
by multiple contact points of the devices within the gate 
cells to a power source. Multiple contact points are 
made possible by using a cell layout having an 
increased porosity (reduced or no second metal block- 
ages) in the second metallization layer. Such a cell lay- 
out is provided by orienting the devices perpendicularly 
to the second metal routing tracks, as depicted in Figure 
4. This perpendicular orientation of the devices to sec- 
ond metal routing tracks has been used in a commer- 
cially available gate array cell architecture, the .8 micron 
gate amay library manufactured by Advanced Microsys- 
tems, Inc. of Pocatello, Idaho. As apparent in Figure 4, 
the P channel device 50 and the N channel device 52 
are oriented 90° with respect to the m2 routing tracks 
54. shown as having a constant track pitch in this 
embodiment, although the m2 track may have a variable 
track pitch in other embodiments, as described earlier. 
The 90° orientation of the P and N channel devices 50, 
52 to the m2 routing tracks 54 provides a number of 
route through tracks and possible contact points. The 
mulitple port locations alleviate congestion. 

Another feature of the known gate array cell archi- 
tecture is the providing of the power bus (VSS 56 and 
VDD 58) further towards the outside of the gate array 
cell, as illustrated. Power buses 56, 58 are in the first 
metallization layer. A second metallization layer power 
connection 60 runs horizontally between the power 
buses 56, 58. From this power connection 56, the P 
channel device 50 and the N channel device 52 may be 
connected by second metal. 

The present invention provides for connecting the P 
and N channel devices 50, 52 to the power connection 
60 by multiple contact points 62, as depicted in Figure 4. 
These multiple contact points reduce the effective 
resistance on the diffusion side, and add reliability to the 
power lines. The present invention therefore takes 
advantage of the increased porosity of a gate array cell 
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architecture in which the devices are oriented perpen- 
dicularly to the second metal routing tracks. Further- 
more, the increased porosity provides multiple contacts 
for source or drain, thereby alleviating congestioa 

Although Figure 4 depicts three contact points for s 
the power connection of the P channel device 50, this is 
exemplary only as a different plurality of contact points 
are contemplated within the spirit and scope of the 
present invention. 

Another aspect of the present invention is depicted 10 
in Figure 5 in which the P and N channel devices 50. 52 
are of different sizes. In the embodiment of Figure 5, the 
P channel device is larger in area than the N channel 
device 52. By varying the channel widths, as illustrated, 
a balancing of the P and N channel devices 50. 52 may is 
be obtained. The balancing compensates for the fact 
that the P channel drive strength is usually weaker than 
N channel drive strength. 

In an exemplary embodiment of the present inven- 
tion, the P channel device width may be 13.4 microns, 20 
while the N channel device width is 10.6 microns, 
although different device widths are contemplated 
within the spirit and scope of the present invention. By 
providing different widths of the P and N channel 
devices 50, 52, the difference between the rise and fall 25 
times of the cells is minimized. 

The varying of the P and N channel device widths is 
facilitated by the orientation of the devices perpendicu- 
larly to the m2 routing tracks, as depicted in Figure 5, 
since there are less problems caused by cell routing 20 
when the orientation of the gate cells is as illustrated, 
rather than in more conventional gate array cell archi- 
tectures. However, the balancing of the P and N channel 
devices in a gate array cell architecture has ufflfty in 
whichever orientation of the devices to the m2 routing 3$ 
tracks are used. The variable track pitch, although not 
shown in Figure 5. may also be used in both the ml 
metallization layer and the m2 metallization layer in the 
embodiment of Figure 5 in order to provide a denser 
gate array cell architecture and increased routing capa- 40 
bility. 

Although the present invention has been described 
and illustrated in detail, it is clearly understood that the 
same is by way of illustration and example only and is 
not to be taken by way of limitation, the spirit and scope 45 
of the present invention being limited only by the terms 
of the appended claims. 

Claims 

50 

1 . A gate array cell architecture comprising: 

an array of gate cells, the gate ceils having 
internal components; 

means for interconnecting the internal compo- 55 
nents within gate cells to form devices within 
the gate cells, said means for interconnecting 
the internal components being located within a 
first layer and having routing tracks that extend 



parallel to one another and in a vertical direc- 
tion across the array of gate cells; and 
means for interconnecting gate cells, said 
means for interconnecting gate cells being 
located within a second layer and having rout- 
ing tracks that extend parallel to one another 
and horizontally across the array of gate cells; 

wherein at least the routing tracks in the first 
layer and the routing tracks in the second layer have 
a variable pitch within the set. 

2. The architecture of Claim 1 , wherein both the rout- 
ing tracks in the first layer and the routing tracks in 
the second layer have a variable pitch within the 
set. 

3. The architecture of Claim 1 or 2. wherein the pitch 
within the routing tracks in the first layer varies from 
approximately 2.7 to approximately 3.2 microns. 

4. TTie architecture of Claim 1, 2. or 3, wherein the 
array of gate cells include cell placement columns 
and routing columns, the track pitch of the routing 
tracks in the first layer being approximately 3.2 
microns in the ceil placement columns and approx- 
imately 2.7 microns in the routing columns. 

5. The architecture of Claim 1 , 2, 3 or 4. wherein the 
pitch within the routing tracks of the second layer 
varies from approximately 2.8 microns to approxi- 
mately 3.2 microns. 

6. The architecture of Claim 1 , 2, 3. 4 or 5. wherein the 
gate ceils have a diffusion area, a polysilicon/poly- 
silicon interface area and a polysilicon/diffusion 
interface area, the track pitch of the routing tracks in 
the second layer in the diffusion area being approx- 
imately 2.8 microns, and approximately 3.2 microns 
in the polysilicon/polysilicon interface area and in 
the polysilicon/diffusion interface area. 

7. The architecture of Claim 1 , 2, 3. 4, 5 or 6, wherein 
the gate cells are oriented perpendicularly to the 
routing tracks in the second layer. 

8. A method of manufacturing a gate array cell struc- 
ture, comprising: 

forming a plurality of gate ceils in an array; 
forming devices within selected gate cells with 
first metal in a first metallization layer; 
interconnecting selected ones of the devices 
with first metal that is routed along routing 
tracks extending in a vertical direction over the 
array, including varying a track pitch of the rout- 
ing tracks in the first metallization layer; and 
interconnecting selected ones of the devices 
with second metal in a second metallization 
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layer, the second metal being routed along 
tracks extending in a horizontal direction over 
the array, including varying a track pitch of the 
routing tracks in the second metallization layer 

5 

9. The method of Claim 8, wherein the step of varying 
the track pitch of the routing tracks in the first metal- 
lization layer includes varying the track pitch from 
approximately 2.7 to approximately 3.2 microns. 

70 

10. The method of Claim 8 or 9, wherein the step of 
forming a plurality of gate cells in an array includes 
forming cell placement columns and routing col- 
umns, the track pitch of the routing tracks in the first 
metallization layer being approximately 3.2 microns is 
in the cell placement columns and approximately 

2.7 microns in the routing columns. 

1 1 . The method of Claim 8, 9. or 10, wherein the step of 
varying the track pitch of the routing tracks in the 20 
second metallization layer includes varying the 
track pitch from approximately 2.8 microns to 
approximately 3.2 microns. 

12. The method of Claim 8. 9, 10. or 11, wherein the 25 
step of forming the gate cells include forming a dif- 
fusion area, a poiysilicon/polysiiicon interface area 
and a polysilicon/diffusion interface area, the track 
pitch of the routing tracks in the second layer in the 
diffusion area being approximately 2.8 microns, 30 
and approximately 3.2 microns in the poiysili- 
con/polysiiicon interface area and in the polysili- 
con/diffusion interface area. 

1 3. The method of Claim 8, 9, 1 0, 1 1 , or 1 2, wherein the 35 
gate cells are oriented perpendicularly to the rout- 
ing tracks in the second layer. 
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